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The invention relates to a chromium-free aqueous 
anticorrosive which Is suitable for producing thin 
organic layers on surfaces of steel, metallized (e.g. 
galvanized or alloy-galvanized) steel and aluminum. The 
inventive anticorrosive contains as the essential 
components a) 0.5 to 100 g/I hexafluorine anions of 
titanium (IV), silicon (IV) and/or zirconium (IV); b) 
20 to 100 g/I phosphoric acid; c) 0 to 100 g/I of one 
or more compounds of cobalt, nickel, vanadium, iron, 
manganese, molybdenum or tungsten; d) 0.5 to 30 wt- 
%. of at least one water-soluble or water-dispersible 
film-forming organic polymer or copolymer; e) 0.1 to 
10 wt- % of an organosphonic acid; f) optionally 
further auxiliaries and additives. The inventive 
compositions are especially useful for the 

anticorrosive treatment of metal strips. They are 
preferably applied in such a manner that a dry layer is 
produced on the surface in a mass surface density of 
0.1 to 5 g/m2. 
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The invention relates to a chromium-free aqueous anticorrosive which is suitable for producing thin organic layers on surfaces of 
steel metallized (e g galvanized or alloy-galvanized) steel and aluminum. The inventive anticorrosive contains as the essential 
components a) 0 5 to 100 g/i hexafluorine anions of titanium (IV), silicon (IV) and/or zirconium (IV); b) 20 to 100 g/l phosphonc 
acid c) 0 to 100 g/l of one or more compounds of cobalt, nickel, vanadium, iron, manganese, molybdenum or tungsten; d) 0.5 to 
30 wt - % of at least one water-soluble or water-dispersible film-forming organic polymer or copolymer; e) 0.1 to 10 wt- % of an 
organosphonic acid; f) optionally further auxiliaries and additives. The inventive compositions are especially useful for the 
anticorrosive treatment of metal strips. They are preferably applied in such a manner that a dry layer is produced on the surface 
in a mass surface density of 0.1 to 5 g/m 2 . 
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Abstract; 

A chromium- free aqueous anr 1 -corrosive agent suitable for 
tne production of Thin organic layers on surxaces or steel, 
metal-coated (e.g. galvanized or alloy galvanized) steel 
and also of aluminum. It contains, as essential components 
5 a) 0.5 to 100 g/1 of hexafluoro anions of titanium (IV) , 
silicon(IV) and/or zirconium (IV) , 

b) 0 Lo 100 g/1 of pho3phoiit: acid, 

c) 0 to 100 g/1 of one or more compounds of cobalt , 
nickel, vanadium, iron, manganese, molybdenum or 

ic tungaten, 

d) Q.S to 30 wt,% of at least one water-soluble or vater- 
cliapersible film-producing organic polymer or 
copolymer, 

e) 0.1 to 10 wt.% of an organophosphonic acid, 

y c » f) optionally further auxiliary substances and additives. 

These compositions are particularly suitable for the anti- 
corrosive treatment of metal strips and are preferably 
applitsU so that a dry layer with a weight per unit area of 
2d 0.1 to 5 g/m 2 is produced on the surface. 
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CHROMIUM -FREE ANTI CORROSIVE AND ANT I CORROSIVE METHOD 

The present invention relates to a cnromium-f ree orymac/inorganic 
anti-corrosive aoent anri an anti-corrosive process for treating 
surfaces ox steel, wnich are opi_ioiially provided with a metallic 
coaring of zinc, aluminum, copper, nickel, etc., or of aluminum ana its 
5 alloys. It 13 porticularly suitabl« for- surface treatment in Strip 
plants {coil- coating) for applying tnia substrate in uii« domestic ana 
architectural irt&s and in rhe automobile industry. 

For rhe temporary corrosion protection of galvanized or alloy- 

10 galvanized slccl scrips, these arc often, either simply rubbed with oil 
or, in the event that more intense corrosive stresses are expect-ed, 
pho^phatised or chromaticoa. Before receiving a final coatinQ of 
organic binders (primer, lacquers, electrodeposit-cd lAcqa*ra) , a multi- 
stage process is generally performed. When uainq galvanized metal 

15 strips or aluminum and its alloys i*i the domestic appliance or 

architectural industries, optionally after previous removal ot the oil 
layer, Lhe metal surface is first provided with an anti-corrosive 
layer- The best method for anti-corrosive treatment known from the 
p A ior art is chromatizing j.n which the metal surface is coated with a 

20 chromiumtlll) and/or chromium (vij -containing layer, generally at a rate 
of about 5 to 15 ing/ «r . Phospnatizina;, as an alternative measure for 
ant i— corrosive treatment, has two Kinds of disadvantages. On the one 
hand rhe appearance of the metal surface may be altered in an 
undesirable manner. On the other hand, phoaphati^ing i * a procedure 

25 which is very costly in terms of the equipment required because, 

depending on the suoscrato material, an additional activation stage 
and, generally after phosphatizang, a pasaxvdUag atage is required. 
Over and above rhe actual ant i- corrosive effect, inoxganic coating 
ensures good adnesion of the primer which is applied thereto. There 

30 again, the primer not only has a beneficial effect on the anti- 
corrosive effect of the inorganic conversion layer, the primer layer in 
its turn also provides a good adherent substrate for <-ii«r topcoat 
lacquer. 
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To an increasing extent, metal strip producers are supplying sheet 
. motol with, a functional preliminary coating which facilitates 

mechanical processing such as punching, drilling, bending, shaping 
£ and/or deep drawing- only after final assembly of the workpiece is this 
finally provided with a topcoat lacquor. Functional precoatxno must 
provide the sheet metal not only with corrosion-inhibiting properties 
but also properties which facilitate mechanical processing. In order to 
produce thcac layers , processes based on chromium-containing 
ll« inorganic/ organic compositions ana also chromium- fr««, exclusively 

organic preparations are known, wherein the latter have only a limited 
anti-corrosive affect. 

In the automobile industry, galvanized steel sheeting which has been 

l!, pracoated with thin org*ni<~. films is being used to an increasing 

extent. These substrates ensure a good anti -corrosive effect, to ba 
precise even in the bodywork sector , which cannot be acnieved in a 
conventional lacquering process, or only with difficulty. The use of 
these types of precoated materials enables r-mr -intensive secondary 

2} anti-corrosive measures such as cavity sealing and joint sealing to be 
reduced or even avoided altogether. To facilitate the subsequent 
processing st*ps such as spot welding or elect rodeposition lacquerinq, 
tne organic films frequently alsu wiiuin pigments and fillers which 
increase the electrical conductivity. These types of materials are 

2 5 known, for •xampl« , und«r rho names Dura «ftl w , Bona zinc™, Durazinc™ 
or Granocoat™. Materials euaLeci 1*1 this way have for examplo, over a 
conversion layer which is a chromatizmg or phospnacizing layer, a thin 
organic coating which consists, for example, of epoxide or polyurerhane 
resins, polyamidca or polyacrylatcs . Tne organic layers are generally 

20 applied with a thickness ot about U.J to aoout 

•> pm. These coatings on metal stiips are generally produced in a two- 
stage process which is costly in tarms of equipment, in which first the 
inorganic conversion layer is produced ana then the uxyarac polymer 
film is applied in a second treatment stage. 

:.5 

It is known that attempts nave alr«auy been made to use single stage 
coatinq processes in which the inorganic conversion treatment and 
coating with an organic polymer film take place in a single treatment 
solution. 

Tor example, US-a-5 344 504 describes a coating process for galvanized 
steel in nUioh the substrata is brought into contact with a treatment 
solution with the following composition: 0.1 to lO g/1 of a texrafluoro 
or nexaf 1 onm acid of boron, silicon, titanium and zirconium or 
13 hyUxof laoric acid, about 0.015 to about 6 g/1 of cation* of cobalt. 
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copper, iron, manganese, nickel, atronciua or zinc and optionally ap to 
about 3 g/1 of a polymer selected from polyacryiic acid, 
polymethacrylic acid and their esters. The pH or cms treatment 
3oiution is within tha range from about 4 to abonr ft . 

wo 95/14117 also describes a process for treating surfaces of zinc or 
aluminum or Uicii alloys. In tnia caac, the sarfacca arc brought into 
contact with a treatment solution with a pri of less than 3 whicn 
contains a complex between a metal oxoion ind a hateroion. Th« metal 
l»3 oxoion is selected from molybdate, tungstate and vanadate, The 

hctexoion is eoloctoa from phosphorus, aluminum, silimn, manganese, 
magnesium, tirconiuro, titanium/ tin, cerium and nickel. Furthermore, 
the treatment solution alsn r.or.rfl^ns an organic film-producer which is 
compatible with the other components in the bolutiuu. Suitable film- 
is prnHor.flrs may t>e , for example, polyacrylates such as in particular 

polymeis o£ wetftyl metnacrylatc, n-butyl acrylatc, hydro*<orhyl aerylace 
and glycerinepropoxy triacrylate. 

EP-A-694 593 recommends the treatment of metal surfaces with a 
20 treatment solution which contains the following components: an organic 
polymer ux copolymer in which 0,5 to 8 % of the monomers contain groups 
whicn can form compounds with metal ions, complex cations or anions ot 
aluminum, calcium/ cerium, cobalt/ molybdenum, tilicon, vanadium, 
zirconium, titanium, trivalent chromium and zinc, an oxidising agent 
15 sach as nitric acid, perchloric arid and hydrogen peroxide and an acid 
such as oxalic acia, acetic acid, boric aciu, phosphoric a<rid, sulfuric 
ac^id, nitric acid and hydrochloric acid. 

WO 95/04 619 discloses the treatment of metai surfaces with a treatment 
30 solution which contains at least the following components: fluoro 

complexes of titanium, zirconium, hatnium, silicon, aluminum «tud boron, 
metal ions selected from cona 1 r , magnesium, manganese, zinc, nickel, 
tin, copper, zirconium, iron ana strontium, phosphates or phoapnonatco 
and water-soluble or water-dispersible organic film-producers. 

35 

EP-A-792 922 describes a chromium-free corrosion inhibiting coating 
composition for aluminum or aluminum alloys which nnnrains a film- 
producing organic polymer and (1) a salt selected from csicia of rare 
earth metals, alfcati and alkaline earth metal vanadates and also (li) a 

40 borate salt or an alkaline eo.it.ti metal . Epoxides including polyimide- 
ba?ed epoxides, polyuretnanes, acrylic polymers and alkyd-based systems 
are mentioned, fox example, as preferred polymers. This coating 
composition thus has to contain, in addition to the organic film- 
producer, at least one box-are and another component which may be a 

*5 vanadate. 
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EP-A-685534 descrxt>es a process for prot«ct_LnQ a scccl substrate by 
means of a thin film of an organic/inorganic hybrid polymer based on an 
alkoxysilane, another condensable- oj.yanometal compound of tho formula 
r> M(OR). and also (meth) acrylic acid and a polymerisation initiator. The 
coating is produced by thermal polymerisation or phoropolymeri nation. 
Zirconium and titanium are mentioned as metals for the organometal 
cuiupoofid. It jl3 stated that a film of this type proter.rs steel 
substrates against corrosion and oxidation ; in addition luc substrate 
10 is intended rn ne protected by this coating against shock and other 
eftects. 

WO 98/4 7 631 describes a process for improving defective pret reared 
metal surfaces. For this, an aqueous acid solution which contains 

3 5 f luoromtrLalate anions r divalent or tetravalent cations of cobalt, 

magnesium, manganese, sine, nickel, tin, copper, zirconium, iron and 
strontium, phosphony?-r.onr.aining inorganic axoamons and phosphonate 
ions and a water-soluble anu/ox wAter-dispcraible organic polymer 
and/or a polymer-produci nq resin is applied to the defective metal 

;:0 sua face. The document provides no data about whether these types of 
compositions are also suitable tor the first-time coating of noa- 
prccoared moral strips. 

Still unpublished DF.-A-l 9754108.9 describes a enromiura-f ree aqueous 
25 anti-corrosive agent for treating surfaces of galvanized or alloy 

galvanised steel and of aluminum. It contains, as essential components, 
nexafluoro auiun* of titanium and/or zirooAium, vanadium ions, cobalt 
ions, phosphoric acid and also preferably in addition on organic film- 
prodtiocr, in particular one based on polyacrylate . This anti-corrosive 
30 agent is particularly suitable for uh« anti-corrosive treatment of 
metal strips. 

Despite this extensive prior art, there is still a need for improved 
coating processes for metal surfaces in which an inorganic passivating 

35 layer and also a thin organic polymer layer can be applied to the metal 
surfaces in the came treatmenr atep. The coating is intended to 
facilitate the punching out and reshaping of structural parts made from 
tho coated metal strips. Furthermore, the layers on the metal substrate 
should withstand further manufacturing etops up to a ^AemDling the 

40 products, such as cleaning, optionally phospnatizing, nvetiug and 
we laii iy and either be overpaintable with a topcoat lacquer or be 
coatable with an electrodeposition lacquer. For protection of the 
environment and haalth and safety at work reasons, the treatavent 
process should be performable without the use of chromium compound-s s*rwi 

<iS if possible uirh the exclusion of organic solvents. The main tields of 
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application axe the initially mentioned domestic appliance and 
architectural industries and also the automobile industry. 

This object is achieved, according to the invention, as stated in the 
S. ulaiioi . it cuii3i3t3 aubitantially m the provision of a chromium-free 
anti-corrosive agent containing water ana 



a> O.S rn inn g/l of hf=»*a fl nnro anions of rirnn^inn(TV) , silicon (IV) 

and/or zirconium (IV) , 
It) b) 0 to 100 g/l ot phosphoric acid, 

c) 0 to 100 g/l of one or more compounds selected from cobalt, 
nickel, vanadium, iron, manganese, molybdenum and tungsten, 
0.5 uo 30 wu.% oX dL least otic waici-aolubl* o* water -dispevs iblc 
film-producing organic polymer or copolymer (with respect to 
1 5 active substance ) , 

o) O.l to lO wt.% of an organophoaphonic acid. 

£) optionally further auxiliary substances and additives. 

The invention also provides a process for the anti-corrosive treatment 
20 of ?r<**l which is optionally provided with a metallic coating of zinc, 
aluminum, copper, nickel or similar metals, or aluminum or its alloys, 
which includes the following essential process steps: 

a; the snrf^ftp of r.hA substrate is placed in contact with an antl- 

2 5 corrosive ogent of the type mentioned above for a period between 

0.5 and 60 seconds at a treatment temperature between 10 and 
50°C, preferably between 15 and 35°C; trve treatment temperature 
may be adjusted toy supplying heat via rhe worlcpi erft or the 
treatment solution, 

3 0 b) excess anti-corrosive agent is optionally removed from the 

surface and 

c) the item is heat ad for a period from 1 to 120 bocondi , by an 

appropriate heat supply, wherein peak metal temperatures bei*c;cu 
50*C and 150°C should be reached, wherein cross-linking of the 
polymer film and the anchoring thereof to the metal surface take*? 
place at tne same time. 



In a preferred manner, the anti-corrosive agent is applied to the 
workpieec surface, preferably metal strip surface, by 
•10 tioodmg/ squeezing, spraying /.s que eating u* by au appropriate wiper or 
roller method of application. 

The preferred concentration ranges for components a) to 1n rhe anti- 

corrosive agent are: 
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a) 5-50 g/1 of hexafluoro anions of titanium < IV) , oilicon(IV) and/or 
iiivuuiuui ( IV) , 

b) 0-50 g/1 of phosphoric acid/ 
0-40 g/1 of iona of cobalt, nickel, vanadium, iron, manganese, 
molybdenum, tungsten, 

5-30 wc* or one ox- mure film-proauciug organic polymers or 
copolymers (with respect to active substance) , 
e) 0.1-10 wc.% of an organopiiosphonic acid. 



c) 
d) 



10 The pB of tne anti-corrosive agent is within the range 0.5 to 4.0, 
preferably within the range 0.7 to 2.5. An acid agent of this type 
partly dissolves the metal surface being treated so that a treatment 
bath which has already beon in use for somo txmc way contain additional 
cations whicn arise from tne metal substrates oexng treated * examples 

15 of these are zinc, aluminum, iron, nickel, silicon, lead and copper. 

A parson skilled in th© art as familiar with the fact that the 
previously mentioned components, in particular the inorganic compounds, 
can enter into reactions with each other so that they are present in 
2C the treatment solution in the form which is stable under tne conditions 
mentioned for pH . As an example, ygm« of the h*xa£luoro anions are 
pceswiL ±n the lorm of uh« fx«e acid. 

Numerous compounds are suitable for use as film-forming orqanic 
2f. polymers or copolymers, but tney must satisfy two essential selection 
criteria, on the one hand they must t>e soluble or di*ptsrsibl«? in 
sufficient concentration in the strongly acid aqueous solution, which 
also contains polyvalent inorganic ions, without this leading to 
coagulation and/or precipitation of the polymer constituents. On the 
3U OLJier hand, tilery must cunLaiu oL loaot some uiu^a-liuKdl>le groups which 

enable the polymer layer to cross-link ana adhere to the substrate 
sufficiently well within a snort time as a result of the supply of 

heat . 



3:> Concrete examples of film-producing polymers are epoxide resins, 
aminoplastic resins (e.g. luelamine/ formaldehyde resins, 
urea/ formaldehyde resins), tannins, phenol/ forma ldehyd* renins, 
polyaittxy of vinyl^jijtriiol with sufficient alkyl or substituted olkyl- 
aminometnyl groups in tne phenolic ring to ensure the water-solubility 

4 0 or water-aisperslbility of the polymer- Other examples are water- 
soluble or water-dispersible polyurerhane pnlymars, arrrylate 
hOMiopolyruer and in particular copolymer dispersions, methacrylatc 
homopolymer and/or copolymer dispersions and butadiene copolymer 
dispersions or styrene copolymer dispersions. In particular, the 

4> copolymare based on olefinically unsaturated monomers may rnyirai n 
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cross-lmxable comonomers Known per se. Tne rollowing may be mentioned 
by way of example: acrylic acid, iuethacrylic acid, 

glycidyl/ (meth) acrylace, acrylaraiae, w-raernylolacrylaiuide, N r «-bis- 
alkoxymethyl (itiern) acrylamide and similar thermally cross-linkable 
li groups, wherein the alfcoxy groups may contain 1 to 4 carbon atoms. 

Furthermore, cross-linking agents known per se may be used in the form 
of epoxide resins, urea derivatives or (blocked) polyisocyanatei or 
oligomenc aerivatives thereof. Self-cross-linking or externally cross- 
linkable (metnj acrylate dispersions or emulsions or combinations of 
10 these with epoxide resins and/or copolymers of «-hycUu*ys<_yieue: axe 
particularly preferred. The last-mentioned copolymers may be 
r«pc«s«uLcU by the following 9eneral formula: y- CR 2 -N-R z -aminoxnethyl ) « 
hydroxy-styrene, wherein y is 2, 3, 5 or 6 and R* is an alkyl group 
with 1 to 4 carbon atoms, preferably a methyl group And R 2 can be 
15 represented by Che following general formula: H (CHOH) *CH 2 -, wherein n is 
an integer between 1 and 7, preferably between 3 and 5- Th« average 
molecular weight of the previously mentioned polyuria is normally in 
the range between €00 and 20,000, preferably between 800 and 6,000, The 
molecular weights of waccr-aolublc polymers are more likely to be found 
20 in the lower range, while the molecular weights of the water- 

diapcrcxblo polymers are generally found in the middle to \ipp<=»r- rang^. 
Further suitable film-producing organic (copolymers are mentioned in 
T- Brock, M. Groteklaes. P- Misrke, "Uhrbach der Lacktechnologie*, 
Vincent z-verlag, 1998 in section 2*1.4 or sectiww 3-5- The binders 
2 5 mentioned there are express constituents of this application* 

Another important constituent of the compositions are 

organophospnonates, concrete examples b*1ng rhe following phosphonic 
acids and diphospnonic acids: 

Ii0 

l-hydroxy-l-phenylmethane-1, 1-diphosphonic acid 
1-hyUiojvy-l-phonyliacthane 1/ 1 diphosphonic acid*2H*0 
p-hydroxyphenyl-l-aminomethane-1, 1-diphosphonic acid 

j 5 p-hydro>typh©nyl-l-hydroxyia«thane-l, 1-diphosphoni ft acid.HjO 
1-hydrcoty-l-phenylmetnane-l, i-aiphosphonic acia.H 2 o, Na 2 salt 
1 -hy ciroxyphenylmet h^ne-1 r 1-d^bospnonic acid.H 2 0 
1-amino-i-pnenylmetnane-l, 1-diphosplionic atria 
4-aminophenyl-l-hydroxymethane-l f 1-diphosphonic acid-H 8 0 

aO p-wiinaphenyl i-aminoroctnane-1 , 1-diphosphonic acid 
p-chlorophenylmechane-1, 1-diphosphonic acid 
1 -chloro-l-phenylmothana-1, 1-dapnosphonir ^c\d.2H a O 
p-chlorophenyi~l-hydroxymethane-l, 1-aipnosphoxiic dcid,2H 2 o 
1-ehlorophpnylroetnane-l , 1-dipnosphonic acid.H 2 0 

45 p-chloropnenyl-l-chloxoiutsi-haiie-l, l-diphoaphonic acid 
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4-chlorophenyl-X-chloroinetnane aipnospnonic acid-2H 2 0 
p-hydroxyphenylamxnoroethylene diphosphonic acid, Na-» salt 
p-hydroKyphenyl-l-aminoworhana-l, l-dipftiosphonic acid, containing 
methylol 

* 3. 4-dimetnylpnenyl-l-chloromerftane diphosphonic acid 
3, 4-aiJtt«thylphenyl-l-hydxoxym©thane diphoaphonic acid 
3, 4-dimethylpneny±aminoroethanQ diphosphonic acxd 
3, 4-dimethylphenyl-l-chloromethane-l, 1-diphosphonic acid.2H 2 0 

4-dimcrayiaminophonyl-l -hydtokymothaAO diphosphonic acid 
1U 4- iN-oenzyl-w, N-aimernyl amino) -phenyl-l-hydroxyintiU»iiu<r diphosphonic 
acid 

4-triroethylaminophonyl-l-hydroxymethan€ diphosphonic acid 
3, 4, 5-trxjnechoxypn*nyl-l-amxnomethane-l, l-UiuhosuhoiU-e acid 
1-bxs- (N-hydroxyraethyl ) -amino- 1 -phenylmet ha ne-1, 1-diphosphonic acid 
IrS 3, 5-dxcnloaro-4-byciir05cypheny\~hyclroxym**rhanft diphos phonic acid 
3, 5~dibrowo-*-hydiujvyphenyl-*roinomc , ch,ane diphosphonic acid 
1-amino-l-cyclohexylraethane-l, 1 -diphosphonic acid 
i-hycLroxy-l-cyclohexylmethane-1, 1-dipnos phonic acid, tfa salt 

1- hydj:oxy-l-cycloh*xylmethane-l, 1-diphosphoni r acid, Na* salt 

2D [4- laminoraethyi) -cyclohexyl] -1-hydroxym* thane- 1, l-dxpUosptiuiiXi; acid 
4-methoxyfc>enzoylacetonitrile, phosphonylated 

(hydroxymethyl ) -1-aminoechaae-l , 1-diphosphnn i c acid 
1, 3-diamlnopropane-l, 1-diphosphonic acid 
3-dimethylamino-l-aminopropane-l, 1-diphosphonic acid 

25 3-monomcrhylajniao-l-amiAopropane-l, 1 -diphosphon 1 r acid 
3- ( N-Oodecyiami.no j -l-aroinopropoms-l, i-dipuosphonic acid 
3- (N, N~dodecylmethylamino) -1-anu.nopropane-l, 1 -diphosphonic acia 
3- (N-dodecylamjno) -1-aminopropane-l, 1 -dxphosphoni c acid.HX tX~halogen) 
3— { N-d wtethyldodocylaiftino J - l-omiftopropane-1, 1-diphosphonic acid . methyl 

30 iodide 

2- araino-2-methyl-l-hydroxypropane-l, 1-diphosphonic acid 

3- amino 1 hydroxy-3-phenyXpropand-l , 1-diphosphonic acid 
3-ajnino-3-phenyl-l-hyciroxypEopane-l, 1-di.phosphonic acid 
3-diethylamino^l-hydroxypropane-l, 1-diphosphonic acid 

*:5 3-N, N-dimathylajnino-l-hydroxypropane-1 , 1 -diphosphonic acid 

3-N-bis- ihydroxyetnyl) -amino- 1-hyOroxypropane-l, i-UipUos phonic acid 
3- (N-dodecylamino) -1-hydroxypropane-l, 1-dlphosphonic acid 
1 , 3-aihydrojcy-3-phenylpropan^-l , 1-diphosphonic acid 
3-N, N-aim« c^yieimiaopiropionic acid* UC1 

•10 3-cU-iuethylaxnino- 1-hydroxypropane-l, 1 -diphosphonic acid r «a sale 
1 , 3-<i1 hydroxypropane-l f 1 -diphosphonic acid, Na2 salt 
i-hydroxy-D-dicchylaminopropano-l, 1-diphosphonic acid r Na ?a)r 
1, 3-dihydroxy-3-phenylpropane-l, 1-Oipnosphonic acili, N<aj salt 
1 , 3-diaminobutane-l, 1 -diphosphonic acid 

IS l-hydsro*cy • 3 aroinobucanc-1, 1-diphosphonic acid 
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3~monoethylamino- 1-aminobutane- 1 , 1-dipnosphonic acid 
4-ammo-l-hydroxyburane-l , 1-diphosphonic acid 
4-N, N- dimethyl amino- 1 -hydr oxybuta ne- 1, 1-diphospnonic acid 
6-amino-l-hydj:oxyhexane-l, 1-diphosphonic acid 
£ l, 6-ditiydroxyhexane-X, 1-diphosphonic acid 

1, 6-ailiytix.oxyUeAane-l, 1-diphosphonic acia, Na 2 salt 
1, 11-dihydroxyundecane-l, 1-diphosphonic acid 
1 1 -amino-l-hydroxyundecane-1, 1-diphosphonic acid 
1 1 -propylph© aphonic acid 
Id butyl-l-phosphonic acid 
hexyl-l-phosphonic acid 
octyl-l-phosphonxc acid 
decane-l-phosphonic acid 
dodecyl-l-phosphonic acid 
1:> tetradecyi l-phoaphonic acid 
octadecyl-i-phospnonic acid 
occadecane monophosphonic acid, Ma salt 

eicosane moAophosphonic acid, Ka salt 

t-1, 2-diaoiiftocyclohcxanc tctroKii {raethylftwephoaphonic acid) 
2 3 glucamine-bia (merhylenephosphonic acid) 

Olxioam:ne-hi ? (mftrnylenephosphorxic acid), Na salt 

1-ut-eidoe^haac-l, 1-diph© aphonic acid 

merhylenephosphdnylated uramil 

pyrimidyl-2-aminomethane dxphosphonic acid 
25 pyridyl-2-aminomethylane diphoaphonie acid 

dime tnylureiaome thane aipnospnomc acia 

N- < 2-hydroxyethVl ) ethylenediaroine~tf , N ■ , N' -trismethyl*ne-phosphonic acid 
~ (2 nydroxycchyl ) othy lenediarairvo-S , N'N' -tjri*metHylene- phosphoni.ft 

acia . a a o 

30 aminoacetic acid-N/N-dimethylenephosphomc acid 

l, 2-diananoprop*n« tetrakis (methylen^phopphnntc acid) 

2-nyaroxyprgp«itc-i f 3-Oiawine cetrakis (methylenftpho^phonic acid) 

5-hyaroxy-3-oxa-l~aminopentane bis (metnylenephosphonic acid) 

inLino-bis (methyl enephosphonic acid) 
2 5 aitro^amine ot i»ino-bia tmochylc^ephosphonie acid) 

nitrosamine of immo-bis (methylenephosphonic acid) / Naj salt 

V^v-diphosphono-N-methylbuT:yrolactam 

camidinuuierLliyleiie diphosphonxc acid 

forruylaminome thane dipnospnoruc acia 
*.0 2-iminopiperidone-6, 6-diphosphonic acid-H 2 0 

2-iminopyrrQlidorv«-S, 5-diphospanic acid 

N, M * -aunethyllminopyzrxroliUon-5, 3-Olphu^pnonic acid 

l-methyl-2-pyrroliaone-5, 5-diphosphonic acid 

aminodiiettic acid-N-iftethylphosphonic acid 
•15 1, 3-aihydryxy-2-iwechyi.propane-N r N-diroachya«ncphosphoAtc aoid 
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1, 2-dihydrox:ypropane-3-amino-bis (ifterhylenephosphonic acid) 

2- hydxoxypropane-l,3-diaroine r^rakis- tmetnylen^phospnonic acid 
3, 6-dioKa-l, 9-diattnnooctone tetralcxfl- tmcthylenephoiplwiuu ociU) 
1,5-diaminopenr.anere trakis (methyl enepnosphonic acid) 

5 methylamino-dimetnylenephosphonic ar.id 
N-hcjcylami-no-dimethyienephoaphonig acid 
decyclamino-diroerhylenephosphonic acid 

3- picolylaminodiniethylenephosphonic acid. H?0 

motnancpho2phonic acid 

ic methanedipnospnomc acxa 

methanedipnospnonic acid.H 2 0, Na 2 salt 

dichlorojnetnanediphosphonic acid~5H*0, Na 2 salt 

tecraisopropyi cu chlorometnaneaipnospnonate 

1# l-diphosphonethane-2-carboxylic acid 
If. *than«-l , 1-diphosphonic acid 

1 -diphosphonic acia, Na« salt 

etnane-1, 2-diphosphonic acid c 

ethane^l, l,2-T:riphosphQAic acid 

erhylenediphosphonic acid, Na« calc 
20 1, 2-diphosphonoethane-l, 2-dicaxboxylic acid 

1. 2-dipnospnonoethane-l, 2-dicarboxylic acid.2H*0 

othan«-l f 1, 2 r 2-tetrapho3phonic acid, H z O f Jxoxa9uanid4.no cale 

etnane-x, 1,2,2-tetrapnospnomc acid, hexaguanidine salt 

etnane-l, 1, 2, 2-cetraphosphonic acid, guanidine sale 
2\> l-phosphongethane-l, 2, 2-tricaroxylic acid, K sale 

pnospnonoaceric acid 

a-chloro-Q-phosphonoacetic acid 

r» -ph ASphon nfl r.pr ir. * c \ d 

1 - phosphonopt 3-dicajrbOAylic acid 
30 1-phosphonopropane-i r 2, 3 -tricarboxylic acid, Na 5 salt 
1 -pho.qphrtnnpropanft-l , ? „ 3-mcarboxylic acid. H a O 
proponc-1, 1, 3, D - 1 e t rapho aphoni c acid, Na c salt 

ami noma tnane diphosphonic acid 
dimechylaminometharve diphosphonic acid 

3 5 N-decylaminomechane-X,l-diphosphonio acid 

N-decylaminoiaethane diphosphonic acid 

tf,N-oomethylaminomethanediphosphonic acid monohydrat« 
dimotbylawinomorhano diphosphonic acid, Na 2 salt 
N-decyiaminoiuecnane diphosphonic acid, Na« salt 
4D 1-aminoerhana-l, 1 -diphosphonic acid 

X-aroino-2-chloroethane-l , I -diphosphonic acid 
l-ajuino~2-phttnyl«th*nw-l , l-Uipho:spUuniu acid 
1-monomethylaminoethane-l, 1- diphosphonic acid 
N-Tnr>n^hyr)roTfym«rhy1 aroS noer.hanft-1, 1- diphosphonic acid 

4 5 l-aminopropane-l, l-dlpho3phonic aoio 
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1-amj.nopropane-i, X, 3- triphos phonic acia 
l-aminobuu«m*s-l, 1-diphosphonic acid 
1-aminohexane-l, 1-diphosphonic acid 
l-aminorl<?ranA«l, 1-diphos phonic acid 
3 1-aiiuLuoitaxadecane-l, 1-da.phoapnonic acid 

l-iaononanoylaroido-l, 1-dimethylenemethane pnosphomc acid 
stearic acid aiaido-1, 1-dijnethylioe thane phosphonic acid 
coco fatty acid amido-1, phosphonic acid 

isononanoic acid amido-1, 1 -diet hylmet nan* phoaphomc acid 
1C l-aminohexyl-l-phosphonic acid 

1-aminooctyl-l-phoaphonic aca.d 

1-hydroxyoctyl-l-pnospnonic acid 

1-hydroxydecyl-l-pnosphanlc acid 

1 aminodccyl-l-phosphonic acid 
l!i 1-hyaroxydecyl/ooaecyl-l-phospnonic acia 

1- hydroxy- 1-dodecyl-l- phosphonic acid 

l-nydroxydodecan*-1 -phosphonic acid 

l-nydroxy-3, 6, 9-Ciiu*.adecane-l, l-diphoaphonio acxd, Na A salt 
12-hydroxy-12-phD3phonostearic acid, tfa salt 
?"> eocosalkylaminobis (roethylenephoaphonic acid) 
phosphonylated polyglyeol diacid 

4-ethyl-4-mothyi-.3-oxo-l-aiainohexane-l, l-ttipuosphonic acid 
1 -nydroxy-3-oxo-4-ex:hVl-4-methylhexane-l, 1-diphosphonic acid 
1- ami no - 4 - ©thyl- 4 -mt t hyl - 3-o xohexane - 1 , l-dipho^phonic acid 
25 i~nydroxy-3-oxo-4-ethyl-4~methy:ihexane-i, l~di phosphonic acid.H 2 o, No 
salt 

* -cthyi-i-merhyl-3-oxoh6x-l-en«-l , i-rfiphosphonic acid 
4-methyi-4-ethyl~3-oxohex-l-«tu3-l, l-diphoaphontc acid, Wa« salt 
l-aiuino-3-oxo-4,4-diinethylheptane-l f 1-diphosphonic acia 

^0 i-hydroxy-^-oico-4. 4-dimethylheptane-l. l-dipho«phonic acid-H 2 0, Na salt 
4, 4-dimethyl-3-i-wt.o-hept-l-ene- 1, l-diphosphonic acid 
4,4-dimethyl-3-oxa-hept-l-ene-l,l-aipnosphonlc acid, N*i salt 
l-aro.ino-Voxo-4, 4 -diraethyldecane^l, l-diphosphonic acid 
amlnome thane xuonopho aphonic acid 

:»5 tolaylaminomethane pnosphomc acia 

p-hydroxyphenyl-l-aminomethanepnosphonic acid sejni hydro chloride 
N-ethylamino- (phenylmerhanedipho aphonic acid J 
1 -b^nzylaroino- 1 -pheny lme thane- i-pnosphonlc acid 
1 -hydroxy ethane roonophosphonlc acid 
10 l -ny ax oxy«than»-l-monophr» aphonic acid, Na? salt 

1- hydroxyethano-i, l-diphu»piiwnic acid (HEpr) 

2- tbenzimidazolyl- (2, 2)-]~etnane dlphosphonic acid monohydratc? 
2- [banaimidazolyl- (2, 2j -) -ethane diphosphonic acid 
N-carboxym«thane-l-«uiu-noethane-l, 1 diphosphonic acid 

45 1, 5-diaminopentana-l, 1, 5, 5-tetraphosphomc acid, trihyUtace 
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a-octyl-phosphonosuccinic acid 
oi-t?-dodecylaminob«n3ylphosphonic acid 
£-trif luororoethyl-p-phosphonobutync acid 
1 dccylpyrr ol idone-2 , 2-diphosphonic acid 
5 pyrroliaone-5, 5-diphospnonic acid 
2 , 2-diphasphono-N-cleOy 1 pyrrolidona 
y, y-aiphosphono-N-iuethylbuLy.tolac;cam 
oenren** phosphonic acid 

I, 4-thiazine dioxide-fl-methanc o!i phosphonic acid 

1C p- ti f 4 -thiamine dioxide) -N- phenyl ene-hyoroxyme thane aiphosphonlc acia 
o- (1, 4-thiazine dioxide } -N-ethane-o, n-di phosphonic acid 
3- (1, 4-thiazine dioxide) -N-l-hyctroxypropane-i, l-oiphospnonic; acid 
6- H, 4-thiazlrxe dioxide) -N-l -hydroxy hexane-1 , 1-diphosphonic acid 
11- (1, 4~thia2ine dioxlfle) -N-l-hyaroxyuaUccdne-i, l-diphoapbonic acid 

l!» phosphonomethanem 1 fonic acid, Na 3 salt trihydrate 
bis (met nylenepnospnono ) ami auecUaoe sulfonic acid 
rris tmethylenephosphona ) -acet ami do-aminoetnanesu ironic acid 
aaacyclopcntanc-2, 2-diphosphoruc acid 
N-metnylazacyclopentane-2, 2-aipnospnonlc acid 

2D H-d<*cyla*acyc1 op«ntane-2, 2-diphosphonic acid 

N-tetradecylazacyciopciiLdae-2 , 2 -dipho aphonic acid 
azacyclohexane-2, 2-diphosphooic acid 

1- t 5-aiUyUro-3H-pyrrole-2-yl) -pyrrolidinylidene-? r ?-dt phosphonic acid 

hv<iroxymethane diphosphonic acid, Na 2 salt 
25 l-oxaethcinc-l, 2-dipho*phonic acid undecanenydrate. Wa, salr 

1-hydroxypropane-l, l-dxpnosphomc acid 

i-hycfcroj«ypxopa.Tie-l, 1 -dt phosphonic acid, Na. salt 

1-nydroxyDUCane-l, l-ulpho*phonic acid hcpcadecanohydrate 

1 -hydro* ybutane-1, 1-diphosphonic acid, Na 3 salr 
Z*0 l^Uydi o^ypeot one - 1 , l-diphospnonie acid, Na,, salr 

1-hydroscyoctane-l, 1 -diphosphonic acid, Na, salr 

cyclic tctraphosphonic acid, Ma 4 salr 

hexamerhyl ester or cyclic tetraphospuonate 

cyclic HEDP rAtradecahydrate, Nag salr 

55 

In a preferred way, those representatives of this class of subsLmjces 
are used which contain at least one phosphonic arid group and at least 
one polar function - 

$0 AS further additives, composition* according to the invention may 

contain conductivity pi omenta or conductive fillers such as e.g. iron 
phosphide (Ferropho*), vanadiom carbide, titanium nitride, carbon 
black, graphite, molybdenum sulfide or else barium sulfate? doped with 
tin antimony. Iron phosphide is particularly preferred. The 

4 5 conductivity pigments or fillers are aaaea in uiU«* to improve the 
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weiaabiiity or to improve coating with an eleccrodeposition lacquer. In 
addition, silica suspensions, in particular when using anti-corrosive 
agents for aluminum substrates, may be used. These inorganic auxiliary 
suDstances should be present in a finely divided form, that is with 
it average particle diameters of between 0,005 and 

5 yiTO, preferably between 0.05 and 2-5 urn. Tno auxiliary substancca arc 
used in proportions or between 0,1 and 
30 wt.U 

1U Furthermore, the compositions may contain additives to improve the 
shaping processes, these being, for example, wax-based derivatives 
based on natural or Synthetic waxes, e.g. polyethylene or 
pulyL«ure»£luoxoetliylentr IPTFE) waxe* or wax qerivacxvea*. 

1 j *rh* pK r»f the solutions being applied, that is the original composition 
or a variant diluted with more water, is between O.O and 4.0, 
preferably between 0.7 and 2.5. When applying in particular to metal 
strip surfaces, the application solution is applied in a manner known 
per se by roller application ; charo-coating J , wiping, 
*j immersion/ squeezing or spraying/ squeezing to an, optionally metal- 
coated, steel strip or (alloyed) aluminum strip. Application is 
performed at temperatures between 10 and 50*C, preferably between 15 
and 35°C. The temperature may be adjusted by supplying heat via the 
workpiece or the treatment solution. Finally, to appropriate 

25 management of the neat supply, the formation of a film and cross- 
linkinq of this film and anchoring to the metallic surface all take 
place at the same time. For this to occur, peak metal temperatures 
IPMT> of 50 to 150 W C are achieved for a period of between 1 and 120 
seconds, preferably between 1 and 30 seconds- The weight per unit area 
30 of the coating after drying is men 0.1 to S, preferably 0.5 to 2.0 
g/m 2 . 

The layers produced in this way may be coated with the conventional 
lacquer systems used in the domestic appliance and/or architectural 

15 sectors, that is the application of a liquid primer followed by coating 
with a liquid topcoat may be performed, or else powder coating with a 
single-layered lacquer may take place. Furthermore, tne ant i- corrosive 
layer according to the invention may be coated directly, that is 
without the application of a primer, with typical strip top^ri. Tne 

-yO layers produce a in this w<iy pxuicuL the metal sheeting and provide 

adequate protection against corrosion. Thus, for example, when coating 
(alloy) galvanized steel, the salt spray test in accordance with DIN 
50021 33 withstood for more than 250 hours. Likewise, in the case of 

(alloyed) aluminum, a salt spray test in accordance with DIN 50021 ESS 
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13 successxttxxy wimBtood for more than 250 hours. Also, a climate- 
controlled test in accordance with DIN 50017 KK for (alloy) galvanized 
Rr<ift1 ic5 Mirh9to,:Kl for ™ re ^ wee)c a without: cho forma^on of white 

rust. The corrosion resistance of materials which have been treated 
5 with the antx-corrosxve compositions according to the invention, with 
or without a primer coating, aching th* valuos which can be achieved 
with a conventional treatment. The reshaping behaviour is improved when 
compared with substrates which have not been coated in accordance with 
tn* invention, furrhormora substrates coated in accordance with the 

ic invention can be catophorecically lacquered unaer the same conditions 
and with the same results as materials which have been phosphatized in 
the way typically used in the automobile industry. The process 
a^uj-diuy the AnvtuUott xuciy also be used instead of UddiLigtml 

chromatizing and phosphatizmg processes when subsequent coating with a 

15 ftjrrher flnri-wrnfiWft layfir «iurh a<* Rrflnnrn^r 1 ^ and rhr bVA i <i 
intended to be performed. 

If treatment according to the invention takes place immediately after a 
metallic finishing process, e.c. electrolytic galvanizing or hot melt 
clip galvanizing of the steel strips, tnen the strips may be placed in 
contact with the treatment solution according to the invention without 
first b*ing cl *ansert . However, if rhe TPeral strips ro he rr^ated have 
been stored and/or Lr«u*puned ptior wo coACing accuxUiay lo the 
invention/ then they have generally been provided with anti-corrosive 
oils or at l^ast have been so heavily con*- ami n*rf»d rhar cleansing is 
ic4uiica pxiOi to coating according to the invention- This may take 
place using normal weakly to strongly alkaline cleansers; in the case 
of alominum and its alloys also with acid cleansers. 

30 When being applied to aluminum and aluminum alloys , trie ant i- corrosive 
composition according to the invention may also contain very low 
concentrations of organopnosphonic acid and optionally may contain no 
organopnospnonic acid. 

3> The invention is explained in mnrp rip.raU in the following by using a 
few working examples, all data relating co amounts m the oompoaition* 
are parts by weight unless stated otherwise. 

The individual components listed in table 1 are generally mixed in the 
4 3 sequence given and at room temperature. 
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Examples 1 to 3 and 6 and 7 listed in table 1 axe nor in 
accordance with the invention, they exhibit significant 
attack by white rust on galvanized steel after about 100 
hours in the test according to din 50021 SS, Examples 4, 
and 15 give good results for anti corrosive effect on 
aluminum, examples 8 to 14 give good results for anri- 
corrosive effect on galvani2ed steel. 
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19 
Claims 

1. A chromium-free anti-corrosive agent for single-stage 
coating of metal substrates, containing 

a) 0.5 to 100 g/1 of hexafluoro anions of 
LxiuiiluitilXV) , silicon(IV) and/ox zirconium ( IV ) , 

b) o to 100 g/1 of phosphoric acid, 

c) 0 to 100 g/1 of one or more compounds of cobalt, 
nickel, vanadium, iron, manganese, molybdenum or 
tungsten/ 



l? d) 



20 



25 



30 3 - 



4 

z 5 



f ) 



0.5 to 30 wt.% of at least one water-soluble or 
water-disper^ible film-producing organic polymer 
or copolymer, 

0.1 to 10 wt.% of an organophosphonic acid, 

optionally further auxiliary substancco and 
additives - 



2. An anti-corrosive agenr as claimed in claim 1, wherein 
the film-producing ( copolymer is selected from 
epoxide resins, styrenc copolymers, butadiene 
copolymers, polyurethanes, melamine resins, 
(meth)duxylate polymers or mixtures of these. 

An anti-corrosive agent as claimed in claim 2, wherein 
the film-producing (co) pol ymer (s ) contain(s) cross- 
linkable functional groups. 

An anti-corrosive agent as claimed in claxiu 3, wherein 
dlso contains a cross- linking ^gent. 

An anti-corrosive agenu as claimed in at least ono of 
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the preceding claims, wherein it contains 0.1 to 30 
wt.% of. a conductivity pigment and/or a further 
inorganic auxiliary substance as a further additive. 

5 6. An anti-corrosive agent as claimed in claim 5, wherein 
the conductivity pigment is selected from carbon 
black, graphite, molybdenum sulfide, doped barium 
sulfate, iron phosphide, vanadium carbide, titanium 
nitride - 



10 



15 



An anti-corrosive agent as claimed in claim 5 ox 6, 
wherein rhe conduct ivi ry pigment r»r r.h« further 
inorganic auxiliary substance has an average particle 
diameter of 0.005 to 5 yim r preferably 0.0S to 2.5 pm. 



8. An anti-corrosive agent as claimed in at least one of 
the precedinq claims, wherein it contains shaping aids 
based on natuxul ox syuulietic waxes, e«g. polyethylene 
or polytPt raf luoroethylene waxes and/or waxes or wax 

2d derivatives as further additives . 

9. An anti-corrosive agent as claimed xn at least one of 
the preceding claims, wherein it has a pH in the range 
0.5 to 4.0, preferably 0.7 to 2.5- 

10. A process for the anti-corrosive treatment of 
(optionally metal-coated; steel or aluminum or its 
a Hoys , where in 

a) the surface of the metal is placed in contact 
30 with an anti*corrosive agent as claimed in at 

least one of the preceding claims for a period 
between 0,3 and GO seconds, 
to) excp.ss anti-corrosive agent is optionally removed 
from tne surface and 
35 c) the treated substrate is heated to peak metal 

temperatures between 50"C and li>0°c for a period 
of 1 r.o 120 seconds* i^y the appropriate supply of 
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near, wherein cross-linking of the polyitier film 
and its anchoring to the metal suxfctue Lake place 
at the same time. 

11. A process as claimed in claim 10, wherein the metallic 
coating of steel is selected from hot -melt dip 
galvanising, alloy galvanizing, electrolytic 
galvanizing, copper plating, nickel plating or 
aluminization . 

Id 

12. A process as claimed in claim 10 or 11, wherein the 
corrosion protection agent is applied to the surface 
of the workpiece by flooding/ squeezing, 

spraying/squeezing or suitable wiper or roller method3 
i:; of application- 

13. A steel or aluminum strip coated toy a process as 
claimed in claim 10 or 11, wherein the weight per unit 
area of the layer is between 0-1 and 5, preferably 

20 between O.b and 2.0 g/m 2 . 

14. A process for the anti-corrosive treatment of aluminum 
aa claimed in one of claim* 10 to 13, wherein the 
anti-corrosive agent as claimed in claims 1 to 9 

2 5 uoutdins no vryewiuphusphonic acid- 

15. a steel or aluminum strip coated by a process as 
claimed in claims 10 to 14, wherein a lacquer 
undercoat (primer) is not required when coating in a 

3 3 coil-coating process. 
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